High wheat yields, besides the genetic potential and edaphoclimatic conditions, are obtained by proper management and nitrogen use. The objective of the study was to define the most appropriate time for N-fertilizer application, considering the range of greatest wheat requirements, dependent on the succession system type and the predictability of favorable and unfavorable years. The study was carried out in the 2008 to 2012 years, in Augusto Pestana, Rio Grande do Sul, Brazil. The experimental design was randomized blocks with four replications, with N-fertilizer application at 0, 10, 30 and 60 days after emergence, considering the corn/wheat and soybean/wheat succession system. The study found that the best time for nitrogen fertilizer application on wheat is mostly influenced by the year of cultivation and is less influenced by the succession system type. The appropriate time for the Nfertilizer application in favorable years of cultivation was about 45 days after emergence. In unfavorable years, it must be anticipated. Regardless of the cultivation year and the succession system type, the Nfertilization at 30 days after emergence evidenced the highest means as the most stabile grain yield.
INTRODUCTION
In a globalized market, achieving self-sufficiency and competitiveness of Brazilian wheat is decisive. Therefore, the development of more productive cultivars, which are tolerant and efficient in the use of light and nutrients is *Corresponding author. E-mail: emilio.arenhardt@yahoo.com.br.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License desired (Freo et al., 2011) . Besides the weather conditions, nitrogen management is essential to increase grain yield (Flores et al., 2012) . The amount of fertilizer and the appropriate application time should also be taken into account due to the possibility that high doses and too early or too late applications might not be exploited at its most (Silva et al., 2005; Ma et al., 2010) . In this context, the importance of nitrogen fertilization should be highlighted, not only for the costs associated to it, but also because it's efficient use is the key to sustainable production (Costa et al., 2013) .
The N-fertilizer dose in wheat is based on the soil organic matter content, on the fore crop, and on the expected grain yield (Siqueira Neto et al., 2010) . On the other hand, the appropriate time for nitrogen topdressing is defined by the plant phenology, according to the period of greatest deficiency of the nutrient during plant development and formation of yield components (Bredemeier et al., 2013) . The periods when wheat mostly requires nitrogen is from the emergence until the sixth leaf stage (Yano et al., 2005) . If applied in the early stages, the fertilizer promotes the maximum number of spikelet and grains per spike; if applied in final stages, it can increase the number of culms per area (Teixeira Filho et al., 2010) . In Brazil, the technical recommendations for wheat production as the proper time of fertilization indicate the period between the beginning of tillering (V 3 stage; code 13 in BBCH scale) and the beginning of elongation (V 6 , 2013) . It must be highlighted that the period between the beginning of tillering and elongation in wheat is indeed a large interval for the decision of the appropriate time of fertilizer application. This raises the need to consider factors other than just most favorable conditions of soil moisture, which would help in the definition of the more adjusted time of nitrogen supply, resulting in better efficiency in the nutrient use, and better grain yield. The wide variation of grain yield is associated with the great variability in weather conditions, making the agricultural year the biggest contributing factor for the production instability (Storck et al., 2014) . The years of favorable and unfavorable weather alter the nitrogen availability and its efficient use by the plant (Espindula et al., 2010) . Also, it should be noted that nitrate leaching increases when N-fertilizer application is followed by excessive rain (Coelho et al., 2014) , and ammonia volatilization is favored when applied in hot and dry periods . The type of vegetative cover also influences the losses by leaching or volatilization, and the nitrogen use efficiency . Therefore, the biochemical composition of residues affects the choice of proper dose and time of nitrogen supply, taking into account the nutrient release Arenhardt et al. 4323 rate into the soil and the decomposing tissues (Siqueira Neto et al., 2010) . It is already known in the literature that weather conditions and cultivation techniques modify the nitrogen use efficiency. This justifies that the interactions between the succession system type and weather conditions and the periods of wheat greatest deficiency of nitrogen in wheat should be considered in the choice of the most appropriate period for application of N-fertilizer.
The objective of this study was to define the most appropriate period of N-fertilizer application according to wheat greatest requirement of the nutrient, dependent on the succession system type and on the predictability of weather favorable and unfavorable years.
MATERIALS AND METHODS
The experiments were carried out in the 2008 and 2012 years in the city of Augusto Pestana, RS, Brazil (lat. 28°26'30''S; long. 54°00'58''W, at 298 m asl). The soil is classified as Oxisol Distroferric Typical (Santos et al., 2006) and the climate, according to Köppen classification is Cfa with hot summer without dry season. The experiment was carried out in the same area during the five years, and it had had direct seeding for more than twenty years. The soil analysis carried out before sowings allowed to identify the following chemical characteristics: in corn/wheat succession system: Argil = 52%; Organic Matter = 2.9%; pH = 6.2; P = 40.8 mg dm -3 ; K = 239.7 mg dm -3 ; Al = 0.0 cmolc dm -3 ; Ca = 6.5 cmolc dm -3
and Mg = 2.5 cmolc dm -3 ; and in soybean/wheat rotation: Argil = 54%; Organic Matter = 3.2%; pH = 6.5; P = 26.9 mg dm -3 ; K = 179. Wheat sowings basic fertilization (NPK) was applied in the rates of 80 kg ha -1 of P2O5, 60 kg ha -1 of K2O and 10 kg ha -1 of nitrogen. The remaining part of nitrogen fertilization was applied in coverage in order to achieve an expected yield of 3 t ha -1 of wheat for each succession system. Therefore, 50 and 80 kg ha -1 nitrogen doses were applied in the soybean/wheat and in the corn/wheat succession systems, respectively. The experiments were set up in a randomized blocks experimental design with four replications, with N-fertilizer application (urea) at 0 (standard condition), 10, 30 and 60 days after emergence (DAE) of wheat plants. It should be noted that the periods of fertilization of 10, 30 and 60 DAE characterize the phenological stages of the wheat development V1 (first expanded leaf), V3 (third expanded leaf = early tillering) and V6 (sixth expanded leaf = end of tillering and early elongation), respectively. Wheat was harvested at ripening (code 87 in BBCH scale). Grain yield was determined based in plants harvested manually from three central rows of each plot, which were then threshed with a stationary harvester. Grains were dried for humidity of 13% and weighed.
The obtained data on yield per hectare were subjected to analysis of variance for detection of interaction and for means Furthermore, regression equations were applied in order to define the study years (as favorable or unfavorable), and the most appropriate time of N-fertilizer application dependent on the succession system (soybean/wheat; corn/wheat). The statistical analyses were carried out with the aid of the GENES program (Cruz, 2006) . Table 1 shows the analysis of variance, the interaction of N-fertilizer application time with the year of cultivation was detected, regardless the succession system. Therefore, the best time for the application was dependent on the year of cultivation, and the magnitude of the mean square shows major change in soybean/wheat succession system. The interaction between weather and the use of nitrogen in wheat results in variations from year to year in grain yield, being the availability of water the most decisive factor (Benin et al., 2012) . The type of residuals coverage also affects the efficiency of fertilizer harnessing (Nascimento et al., 2012) . In wheat, the use of leguminous plants has reduced the demand and the losses of nitrogen . The cultivation of wheat in succession to sunnhemp, the species of high rate of N-residual release, also promotes high yield, reduces the demand for fertilizers, and the losses of N by leaching and volatilization, and the total cost of the tillage (Nunes et al., 2011) . Although the best use of fertilizer depends on the weather conditions and the succession system, genetic differences among cultivars also influence the rate of nitrogen uptake (Wamser and Mundstock, 2007) . Besides the cultivars which have high grain yield those which are more efficient in fertilizer use, and are tolerant to environmental stresses have been continuously used (Oliveira et al., 2011) . Table 2 presents the corn/wheat succession system, the higher grain yield in the overall mean was obtained in the years of 2008 and 2011, which had values closer to the expected of 3 t ha -1 . Likewise, in the soybean/wheat succession system, 2008 and 2011 were the years with greater contribution to yield, surpassing the expectation of desired yield. It should be noted that in the years favorable for wheat cultivation in corn/wheat succession system, N-fertilizer applications were applied at 30 and 60 days after emergence (DAE). In the soybean/wheat succession system, this condition was also detected in 2008; however, the year of 2011 favored the application at 10 DAE along with the other times tested, except for the control treatment without fertilization.
RESULTS AND DISCUSSION
The combined effect of years suitable for wheat cultivation (2008 and 2011) with the succession system of high N-residual release considerably contributed to increase grain yield. On the other hand, the unfavorable years nullified the benefits of soybean/wheat succession system (Table 2) . Variations in temperature were not so high to the point of damaging the culture of wheat, except for particular conditions in 2009, in June and July, with minimum below 5°C (Table 3) . Daily maximum Table 2 . Mean values of times of N-fertilizer application on wheat in the different years and succession system.
Days after emergence (DAE)
Corn temperatures, even in the warmer months of the cycle, did not exceed the month average of 27°C. It stands out that, in the years which favored grain yield (Table 2) , the total cumulative of pluviometric precipitation was similar to the average precipitation along the previous 25 years (Table  3) (Table  3 ). The agronomic efficiency of nitrogen fertilization strongly depends on weather conditions (Battisti et al., 2013) . Benin et al. (2012) observed that wheat was more responsive to grain yield increase by nitrogen fertilization when the precipitation was not a limiting factor. However, under favorable weather conditions, the use of high rates of nitrogen is not always the most appropriate strategy. The increase of grain yield can be achieved by improvements of the utilization efficiency of the fertilizer by the plant (Tavares et al., 2014) .
The environmental variations, for being decisive in the time of fertilization, highlight the demand for high means with stability in wheat grain yield. This is a condition that qualifies the estimate of general means with the stability parameters in the five years of study at each fertilization time (Table 4 ). The use of N-fertilizer in the corn/wheat succession system indicates that the highest values of grain yield were obtained as a result of N applications at 30 and 60 DAE. At these development stages, the combination of high means with the lowest ecovalence value, and S 2 ij = 0 in the promotion of the greatest stability, was obtained with fertilization at 30 DAE. In the soybean/wheat succession system, the highest values of grain yield were also obtained with fertilization at 30 and 60 DAE. The greater Nresidual condition enabled the high productivity with stability at the treatment of N fertilization at 60 DAE. This result confirms the effect of Nfertilizer application in cases under more restrictive conditions of N-residual release. On the other hand, the appropriate release of nitrogen contained in the tissues of soybean allows the possibility of nitrogen application delay under conditions of the soybean/wheat succession system. In the joint analysis involving succession systems (Table 4) , the most stabile grain yield was correlated with fertilization at 30 DAE. Presented studies confirmed the previous results of Nascimento et al. (2012) and Benin et al. (2012) , that plant residue decompose type affected the efficiency of nitrogen fertilization of the culture in succession. Furthermore, growing wheat after soybeans, when compared to corn/wheat succession system, greatly increases grain yield with the same fertilization due to the greater availability of Nresidual (Bredemeier et al., 2013) . The predictions of the optimal time of N-fertilizer application for the conditions of favorable and unfavorable year of cultivation, and the regression equations that indicate the need for early or late applications are presented in Table 5 . It is noteworthy that in the different succession systems, only favorable years (2008 and 2011) showed significant linear trend for (2009, 2010 and 2012) , the demand for anticipation of the time of fertilization is evident, with the best weather condition around 34 and 35 DAE, that is, an anticipation of 10 to 11 days (Table 5 ). In the soybean/wheat succession system (Table 5) this trend was also observed, showing the best time of fertilization in coverage at 48 DAE in favorable years, and around 39 and 40 DAE, in unfavorable years, that is, an anticipation of 8 to 9 days. The succession system presented less correlation to the ideal time of fertilization (3 to 5 days) compared to the effect of the year of cultivation. These results demonstrate that the year of cultivation is decisive for better nitrogen use, considering the ideal time of fertilization for grain yield. The use of residual N in the soybean/wheat succession system provided considerable benefits to the grain yield of wheat. The additive effects of weather conditions in a favorable year in this succession system and the best time of nitrogen supply enables grain yield superior to 4 t ha -1 (Table 5) . As previously reported, the favorable and unfavorable conditions in the year of cultivation were predominantly defined by the pluviometric precipitation (Figure 1) . The 2008 and 2011 years, considered as favorable, evidenced the occurrence of precipitation close to the nitrogen application time, with the exception of 2011, when the fertilizer was applied at 10 DAE. On the other hand, in the years 2009, 2010 and 2012, most of the times there was no occurrence of rainfall close to the nitrogen application time (Figure 1) . Therefore, the nitrogen use efficiency is reinforced when the fertilizer was applied in the interval between 30 and 60 DAE, in periods near the occurrence of precipitation, regardless the succession system, as long as precipitation is not of high pluviometric volume. These results emphasize the importance of understanding the effect of year climatic conditions and management practices in wheat productivity. Stresses caused by deficiency or excess of water in the soil negatively affect the plant development, with direct effect on ultimate yield (Guarienti et al., 2005) . The most efficient way to reduce these risks is the choice of proper cultivar, the sowing time (Silva et al., 2011) , and the dose and time of nitrogen application.
Conclusions
The choice of the best time for nitrogen dressing on wheat was strongly influenced by the weather conditions distribution on the year of cultivation; however, it is less influenced by the succession system.
In favorable years for wheat cultivation, the best time for fertilization with N-fertilizer was around 45 days after emergence. In unfavorable years, the N-fertilizer should be applied about 35 days after emergence. Regardless of the year of cultivation and succession system, Nfertilization at 30 days after emergence enables high stability of grain yield.
